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Remarks 



Claims 1-32 and 35-36 are now pending in this application. Claims 33 and 34 have been 
withdrawn &om consideration and canceled. Claims 1, 26, 28, and 32 have been amended and 
new claims 35 and 36 have been added. The objections and rejections raised in the Office Action 
dated January 30, 2003 are addressed below. Applicants respectfully request reconsideration of the 
amended version of the claims in light of the following remarks. 

Support for Amendments 

The specification has been amended to correct minor grammatical errors and to include 
the serial number for an incorporated reference. The claims have been amended to further clarify 
the coating composition and radiation source. Support for the claim amendments is found, for 
example, on page 6, lines 1-4 and 21-29, of the present specification. No new matter is added by 
the amendments. 

Election/Restrictions 

Applicants hereby affirm the election to prosecute the invention of group I, claims 1-32, 
while preserving the right to pursue the non-elected claims in divisional applications. 



The drawings have been objected due to certain informalities. Applicants request 
clarification regarding the objection to the drawings. The Draftsperson's review indicates that 
color drawings are only acceptable if a petition is granted, but the drawings submitted in this case 
are black and white photographs. Three full-tone sets of the photographs are submitted herewith. 

Specification 

The specification has been objected to because the serial number of an incorporated 
reference is missing. Accordingly, Applicants have amended the specification to include the 
missing serial number. This objection may now be withdrawn. 



Drawings 
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S 102 Rejections 

Hanneman 

Claims 1-3, 7-8, 14, 18, 20, 26, and 28 stand rejected under 35 U.S.C. § 102(b) as being 
anticipated by Hanneman (U.S. Patent No. 4,327.155). The Office Action asserts that Hanneman 
discloses all of the elements recited in these claims. AppUcants respectfully traverse this rejection 
as applied to the amended version of the claims. 

A patent claim is anticipated only if each and eveiy element as set forth in the claim is 
found in a single prior art reference. Verdegaal Bros. v. Union Oil Co. of California, 814 F.2d 
628, 631 (Fed. Cir. 1987). Hanneman describes ^plying a coating on the surface of a substrate by 
plasma or flame spraying the surface with a powdered metal or a powdered metal oxide blend 
having an effective amount of a UV sensitive phosphor to produce a UV sensitive metallic or 
ceramic coating (col. 2, lines 13-21). The only coating materials described by Hanneman are 
inorganic compositions, either protective metal or ceramic coatings, that are appUed to metal or 
ceramic substrates in order to prevent erosion or corrosion. In contrast, the amended claims of the 
present application recite a list of coating compositions that includes waxes, polymers, 
antimicrobial compositions, mildew growth preventing compositions, and other organic 
compositions, which are distinct from Hanneman's coating compositions. Hanneman fails to 
describe the use of any of the coating compositions listed in the amended claims. Hanneman, 
therefore, does not disclose all of the claim elements and thus does not anticipate the amended 
claims. 

Applicants respectfully submit that the rejection of claims 1-3, 7-8, 14, 18, 20, 26, and 28 
under 35 USC § 102(b) as being anticipated by Hanneman has been overcome and should be 
withdrawn. 



Bumpus 

Claims 1, 13, and 32 stand rejected under 35 U.S.C. § 102(b) as being anticipated by 
Bumpus (U.S. Patent No. 5,023,019). The Office Action asserts that Bumpus discloses all of the 
elements recited in these claims. Applicants respectfully traverse this rejection as applied to the 
amended version of the claims. 

Bumpus describes a flame- or fire-retardant composition that is formed as an aqueous 
solution of ammonium sulfate, sodium metasilicate, and an ammonium phosphate, such as 
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monoanmionium phosphate (col. 4, lines 8-12). When applied to absorbent or cellulosic fibrous 
material, the ammonium sulfate, an inorganic salt, penetrates into the fibers to provide the treated 
article with fire- or flame-retardant properties, while the metasilicate salt serves as a binder (col. 4, 
lines 14-16). Monoammonium phosphate acts as an oxygen-starving agent to help prevent the 
spread of fire and flame on the treated article (col. 4, lines 21-23). Bumpus further discloses that 
the preparation may include a fluorescent agent as an additive to allow one to test the effectiveness 
of the treatment (col. 3, lines 55-59). 

This preparation of inorganic salts is the only type of treatment composition described by 
Bumpus. The coating compositions recited in the amended claims are quite different fi-om the 
Bumpus preparation. In particular, the amended claims recite a Ust of coating compositions that 
includes waxes, polymers, and other organic compositions. Bumpus does not describe the use of 
any of the coating compositions Hsted in the amended claims. Since Bumpus fails to disclose all of 
the claim elements, this reference does not anticipate the amended claims. 

Applicants fiorther note that, with respect to claims 1 and 13, which are directed to methods 
of detecting wear on a substrate, Bumpus does not teach detecting the presence or absence of 
fluorescence after the substrate has been exposed to wear, and thus does not describe a method for 
detecting wear. Rather, Bumpus describes using a fluorescent indicator as means for determining 
the gudity of the treatment (coi. 3, lines 55-59), for example, to deteimine whether the flame- or 
fire-retardant treatment was applied evenly and completely covered the desired areas of the treated 
article. Bumpus does not disclose that the presence or absence of fluorescence can serve as a means 
for determining wear, hi fact, the Bumpus treatment is described as being "persistent and durable" 
and "does not lose its flame- or fire-retardant properties if the article is dry cleaned." (col. 3, lines 
10-12). Bumpus' stated goal is to provide a treatment that "will not wear off and will withstand 
numerous washings." (col. 3, lines 7-15). Bumpus fiirther reports that "this fire- or flame-retardant 
treatment has been found to be exceptionally durable and is not noticeably diminished, even by ten 
or more cycles of laundering or dry cleaning. The treatment is considered pennanent." (col. 5, 
lines 40-45). Thus, although Bumpus may describe exposing a substrate to wear, Bumpus does not 
disclose that fluorescence should be used to detect the level of wear. On the contrary, since 
Bumpus teaches that the treatment is "permanent" and "will not wear off," there would be no 
reason to determine the level of wear. 
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In support of the Patent Office's assertion that Bumpus describes a method for detecting 

wear, the Office Action cites col. 5, Unes 32-34, which discloses that the treatment "can be quickly 

checked at periodic intervals." However, nothing in this statement indicates that the substrate has 

been exposed to wear prior to being irradiated with UV light. Rather, as Bumpus explains in the 

preceding sentence, the inclusion of a fluorescent agent in the treatment preparation simply allows 

an inspector to later verity that the articles in question have, in fact, been treated and to determine 

the effectiveness of the treatment, i.e. the sufficiency of coverage, to make sure applicable fire code 

requirements have been satisfied (col. 5, lines 29-33). Bumpus describes the type of inspection that 

is contemplated after application of the flame- or fire-retardant preparation: 

For non-destructive inspection of articles for testing both whether. 
and how w ell, thev have been treated the solution includes a 
fluorescent agent which emits visible Ught of a characteristic color 
when illuminated with long wave ultraviolet. (Col. 3, lines 55-59; 
emphasis added). 

Nothing in this description, or elsewhere in the Bumpus reference, teaches or suggests that the 
fluorescent agent is used to determine the level of wear. This is hardly surprising given that 
Bumpus characterizes the treatment as "permanent." 

hi sum, since Bumpus fails to describe a coating composition of the type recited in the 
amended claims and also fails to describe a method of determining wear, Bumpus does not 
describe all of the elements of the amended claims. The rejection of claims 1, 13, and 32 under 35 
use § 102(b) as being anticipated by Bumpus has been overcome and should be withdrawn. 

S 103 Rejections 

Chauvette 

Claims 1, 4-6, 9-12, 16-17, 19, 22-24, and 28 stand rejected under 35 U.S.C. § 103(a) as 
being unpatentable over Chauvette et al. (U.S. Patent No. 6,391,226). Applicants respectfully 
traverse this rejection as applied to the amended version of the claims. 

The Office Action asserts that Chauvette discloses a method for detecting wear on a 

substrate by coating the surface with a coating composition containing a fluorescent compound, 

exposing the coated surface to wear, having a means to activate the fluorescent compound, and 

detecting fluorescence (Office Action, p. 6). The Office Action acknowledges that Chauvette 

does not directly disclose that radiation is used to excite fluorescence in the coating, but asserts 
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that "it is very well known to use a radiation source to cause an item to fluoresce, and it would be 
obvious to one of ordinary skill at the time the invention was made to use a radiation source, 
such as an exciting light, in order to cause the fluorescent sensor in the coating to fluoresce." Id. 
Applicants respectfully disagree. 

In order to establish a prima facie case of obviousness, the Patent Office must demonstrate 
that (1) there is a suggestion or motivation in the prior art to modify or combine reference 
teachings, (2) one skilled in the art would have had a reasonable expectation of success in making 
the modification or combination, and (3) the prior art referaice(s) disclose all of the claim 
limitations. The fact that one of ordinary skill in the art would have had the capability to modify the 
method disclosed in the prior art reference(s) is not sufficient. MPEP 2 1 43 .0 1 . The prior art 
reference(s) must provide a motivation or reason for making the changes. MPEP 2142; Ex parte 
Chicago Rawhide Manufacturing Co., 226 USPQ 438 (PTO Bd. App. 1984). 

AppUcants submit that the presently claimed invention is not obvious in view of Chauvette, 
because there is no suggestion or motivation in Chauvette to use ultraviolet radiation to activate the 
sensors in the coating materials. Listead, Chauvette teaches that a chemical composition referred to 
as a "revealer" should be applied to the coating in order to activate the sensor (col. 4, lines 6-8). 
Chauvette explains that the revealer consists of "a formulation containing in an excipient, a 
compound that will react with the sensor to activate it (i.e. turn it colored)." (col. 4, Imes 27-30; 
emphasis added). After the revealer has been appUed and the coating has been inspected, an 
"eraser" composition is then applied to the coating in order to deactivate the sensor (col. 4, lines 12- 
14). According to Chauvette, the eraser "may consist of a formulation containing in an appropriate 
excipient, a compound that will react with the sensor to deactivate it (i.e. return it to its original 
color, normally to become colorless, transparent)." (col. 4, lines 31-35). Thus, Chauvette clearly 
teaches chemical activation and deactivation of the sensor, and does not teach or suggest using 
radiation to activate the sensor. 

The preferred sensors cited in Chauvette, namely phenolphthalein, thymolphthalein, and 
ortho-cresolphthalein (col. 6, lines 25-35), are all commonly used as pH indicators (see, e.g.. 
Exhibits A&B, attached hereto). These compounds are soluble in alcohol when in free base form 
(unionized) and the methanol or ethanol solutions are colorless with absorption maximum at a 
short UV wavelength range (200 - 300 nm); the excited molecules do not return to ground state 
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by emitting radiation, and thus they are not fluorescent dyes and no visible color will be observed 
under a black light irradiation. 

These compounds are soluble in alkaline solution and the solution remains colorless 
when the pH of the solution is lower than their pKa value; however, when the pH of the solution 
is raised to above their pKa value and most of the molecules are in ionized form, the solution will 
turn a red, blue or pink color. Thus, the "revealer" composition described by Chauvette is 
essentially a high pH solution that is used to ionize the sensor and produce color, hi this case, 
one would have no reason to use UV radiation (e.g., black light) to reveal the visible color. 

As noted in the Office Action, Chauvette also identifies two fluorescent compounds, p- 
Naphthol and Coumarin, as potential sensors (col. 3, lines 40-42). These compounds are 
unionized at lower pH (<9). p-Naphthol does fluoresce with an absorption wavelength in the 
range of 200 to 400nm; however, the emission wavelength for this compound is between 300 to 
400nm, which is still in the UV range not the visible range (approximately 400 to 750nm). (See 
Exhibit C, attached hereto, which reports emission at the fluorescence maximum of 
approximately 350nm.) Thus a spectrophotometer would likely be needed to effectively detect 
the emitted radiation. Id. If one were merely to shine a black hght on the substrate surface, littie 
or no visible color would be observed. Similarly, unsubstituted Coumarin is described in the 
literature as emitting little fluorescence (see Exhibit D, attached hereto). 

Furthermore, when treated with a composition that raises the pH to above 10.5, which is 

precisely the kind of "revealer" composition described by Chauvette, p-Naphthnol would be in 

ionized form and would have very intense color in the visible light region. Under these 

circumstances, there would be no need to use black hght to activate the compound since the 

activation (i.e., color change) is accomplished through a change in pH. hi other words, as with 

phenolphthalein, thymolphthalein, and orthocresophthalein, p-Naphthnol can also be chemically 

activated by altering the pH conditions so as to become colored under visible light conditions, 

without being exposed to a source of ultraviolet radiation (e.g., black light). Thus, Chauvette's 

identification of these fluorescent compounds as potential sensors would not have motivated one 

skilled in the art to use UV radiation as means for producing color. On the contrary, since 

Chauvette teaches that the sensors should be activated by exposure to a chemical revealer (e.g. an 

alkaline solution) and since the fluorescent compounds identified by Chauvette have an emission 

wavelength outside the visible range, one skilled in the art would have been led away from using 
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UV radiation to activate the sensors. See W.L Gore & Associates, Inc. v. Garlock, Inc., 721 F.2d 
1540 (Fed. Cir. 1983) (holding that obviousness determinations under § 103 require that the prior 
art references be considered as a whole , including portions that would lead awaj: from the 
claimed invention.) 

The passages of Chauvette cited in the Office Action cannot be read in a vacuum, and 
must be placed in their proper context. The portions of Chauvette that refer to the use of 
fluorescent sensors falls squarely within Chuavette's discussion of using chemical compositions 
as revealers. Since the Chauvette system centers on chemical activation of the sensor (e.g., by 
raising pH), indeed no other means for activation is disclosed, one skilled in the art would have 
been led to use a chemical means of activating the fluorescent sensors, rather than using UV 
radiation, especially in light of the fact that these compounds can be made to produce color by 
raising the pH of the solution, just as with the other pH indicators that Chauvette describes as 
preferred sensors. Moreover, one of ordinary skill would not have been motivated to use UV 
radiation (e.g., black light), because it would not have produced the desired effect, i.e. a visible 
color change, when used with the particular fluorescent compounds identified by Chauvette. hi 
particular, a spectrometer would probably be needed to effectively detect the emitted light from 
P-Naphthol in view of its emission wavelength (see Exhibit C). Such a detection means would 
have been impracticable and inconsistent with Chauvette's stated purpose - providing a visual 
monitoring system that is very simple and allows for a reduction of the burden on the employees 
responsible for applying and maintaining floor finishing compositions (col. 2, lines 63-67). 
Since Chauvette lacks any teaching or suggestion to expose the coated substrate to UV radiation 
and provides no motivation to perform this step, this reference is not sufficient to estabUsh a 
prima facie case of obviousness. 

hi view of the foregoing amendments and remarks, Applicants respectfully submit that the 
rejection of claims 1, 4-6, 9-12, 16-17, 19, 22-24, and 28 under 35 U.S.C. § 103(a) as being 
unpatentable over Chauvette has been overcome and should be withdrawn. 



13 



Application No.: 10/003217 o xt 

■ — Case No.: 57132US002 



Hanneman 

Claims 15, 25, 27, 30, and 31 stand rejected under 35 U.S.C. § 103(a) as being 
unpatentable over Hanneman (U.S. Patent No. 4,327,155.) Applicants respectfully traveree this 
rejection as applied to the amended version of the claims. 

Claims 15, 25, and 27 depend directly or indirectly fi-om claim 1. Claims 30 and 3 1 depend 
from claim 28. Each of these dependent claims adds a limitation to the claim from which it 
depends. Although, as acknowledged by the Examiner, Hanneman does not specifically disclose 
these additional limitations, the Office Action asserts that such features would be obvious. 

For the reasons discussed above, claim 1 and claim 28 are patentable over Hanneman. 
Claims 15, 25, 27, 30, and 3 1 are likewise patentable over Hanneman for the same reasons since 
these claims all depend from claim 1 or 28. The rejection under § 103(a) should, therefore, be 
withdrawn. 



Conclusion 

In view of the foregoing amendments and remarks, Applicants respectfully submit that 
the application is in condition for allowance. Reconsideration of the application is requested. 

A Request for Extension Of Time Under 37 CFR § 1.136(a) and authorization to charge the 
extension of time fee to Assignee's deposit account is included with this Amendment. 

All communications in this case should be direct to the undersigned. If the Examiner 
believes a telephone discussion would be helpful to resolve any of the outstanding issue in this 
case, the Examiner is encouraged to call the undersigned at the number listed below. 

Respectfiilly submitted. 



^ 3<^_ M3 By: 



Date 



Office of Intellectual Property Counsel 
3M Innovative Properties Company 
Facsimile No.: 651-736-3833 




Sean J. Edman, Reg. No.: 42,506 
Telephone No.: 651-575-1796 
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Version with markings to show amendments made.- 
In the Specificationi 

On page 1, the paragraph starting on line 24 and ending on line 2 of page 2 has been 
amended as follows: 

In one aspect, the invention features a method of detecting wear on a substrate, the 
method including coating a composition AaLincludes a fluorescent compound on the surface of a 
substrate, exposing the coated surface to wear, exposing the coated surface to radiation capable 
of exciting the fluorescent compound, and detecting the presence or absence of fluorescence. In 
one embodiment, the radiation includes ultraviolet light. In other embodiments, the radiation has 
a wavelength of from 200 nm to 400 nm. In one embodiment, the fluorescent compound emits 
visible light. In other embodiments, the fluorescent compound emits radiation having a 
wavelength of from 400 nm to 750 nm. In another embodiment, the detecting includes visually 
observing the presence or absence of fluorescence. 

On page 2, the paragraph starting on line 21 and ending on line 30 has been amended as 
follows: 

In some embodiments, the method fiirther includes coating a second composition on the 
coated surface prior to exposing the coated surface to wear. In another embodiment, the method 
further includes coating a first layer and a second layer on the coated substrate after coating the 
substrate with the composition tiiaLincludes a fluorescent compound. In other embodiments, the 
step of coating includes coating a portion of the substrate surface with the composition that 
includes a fluorescent compound. In one embodiment, the method fiirther includes coating a first 
portion of the substrate surface with the composition thaLincludes a fluorescent compound and 
coating a second portion of the substrate with a second composition, the second composition 
being essentially free of the fluorescent compound. 
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On page 3, the paragraph starting on line 21 and ending on line 29 has been amended as 
follows: 

In other aspects, the invention features a method of determining the degree of wear on a 
coated surface of a substrate, the surface having previously been coated with a composition that 
includes a fluorescent compound, the method includes exposing the coated substrate to radiation 
capable of exciting a the fluorescent compound, measuring the fluorescence intensity emitted 
from the coated surface, and comparing the measured fluorescence intensity with a 
predetermined fluorescence intensity, hi one embodiment, the predetermined fluorescence 
intensity includes a calibration curve. In other embodiments, the predetermined fluorescence 
intensity includes a fluorescence intensity value previously obtained from the coated substrate. 

On page 3, the paragraph starting on hne 30 and ending on line 4 of page 4 has been 
amended as follows: 

hi some aspects, the invention features a method of detecting coverage of a coating on a 
substrate, the method includes, coating a substrate with a composition that includes a fluorescent 
dye essentially free of organosilicone, affixing the composition to the substrate, exposing the 
coated substrate to radiation capable of exciting the fluorescent dye, and detecting the presence or 
absence of fluorescence across the coated surface to determine the extent of surface coverage by 
the coating composition. 

On pages 6-7, the paragraph starting on line 30 of page 6 and ending on line 9 of page 7 
has been amended as follows: 

One example of a useful aqueous composition includes fluorescent compound, silane (for 

example, n-alkylalkoxysilane, condensates n-alkylalkoxysilane or a combination thereoQ, 

cationic quaternary ammonium surfactant and water. The composition preferably also includes 

siloxane (for example, methyl hydrogen siloxane methylhydrogen-methylalkyl siloxane 

copolymers (for example, methylhydrogen-dimethyl siloxane copolymers), methylhydrogen- 

cyclosiloxane copolymers and methylhydrogen-methylalkyl cyclosiloxane copolymers) and 
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volatile carrier, that is, a carrier capable of volatilizing at room temperature after application on a 
substrate. Such compositions are disclosed in U.S. Patent Application Serial No. 

[ ] 10/001.079. entitled, "Stain Resistant Treatment For Porous Substrates" filed 

October 30, 2001, Attorney Docket No. 57133US002 and incorporated herein. 

In the Claims; 

Claims 1, 26, 28, and 32 have been amended as follows: 

1 . A method of detecting wear on a substrate, said method comprising: 

a. coating a composition comprising a fluorescent compound on the surface 
of a substrate, wherein said c omposition is selected from waxes, floor finishing 
compositions, sealants, poUshing c ompositions, antimicrobial compositions, water 
proofing composition s, antigraflfiti compositions, antisoiling compositions. 
mildew growth preve nting compositions, water repellent compositions. 
antislipping compos itions, and polymer compositions : 

b. exposing the coated surface to wear; 

c. exposing the coated surface to ultraviolet r adiation capable of exciting the 
fluorescent compound; and 

e. detecting the presence or absence of fluorescence. 

26. A method of detecting wear on a substrate surface, said method comprising : 

^ providing a substrate that has been previously coated with a composition 

comprising a fluorescent compound, the coated surface having been exposed to 
wear, wherein said coati ng composition is selected from waxes, floor finishing 
compositions, sealants, polishing c ompositions, antimicrobial compositions, water 
proofing compositions, antigraffiti compositions, antisoiling compositions. 
mildew growth prevent ing compositions, water repellent compositions. 
antislipping composition s, and polvmer compositions: [said method comprising:] 
[a]b. exposing the surface to ulfaraviolet radiation capable of exciting the 
fluorescent compound; and 
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[b]c. detecting the presence or absence of fluorescence. 

28. A method of determining the degree of wear on a coated surface of a substrate, 
said method comprising: 

L providing a substrate [said] surface having previously been coated with a 

composition comprising a fluorescent compound, wherein said coating 
composition is select ed from waxes, floor finishing compositions, sealants- 
polishing composition s, antimicrobial compositions, waterproofing comp ositinn.s, 
antigraffiti compositi ons, antisoiling compositions, mildew growth preventing 
compositions, water r epellent compositions, antislippine compositions, and 
polymer compositions: [said method comprising:] 

[a] b. exposing the coated substrate to ultraviolet radiation capable of exciting 
the fluorescent compound; 

[b] c. measuring the fluorescence intensity emitted from said coated surface; and 

[c] d. comparing the measured fluorescence intensity with a predetermined 
fluorescence intensity. 

A method of detecting coverage of a coating on a substrate, said method 

a. coating a substrate with a composition comprising a fluorescent dye^ 
wherein said coating c omposition is selected from waxes, floor finishing 
compositions, sealants, polishing co mpositions, antimicrobial compositions, water 
proofing compositions, antigraffiti compositions, antisoiling compositions. 
mildew growth preventi ng compositions, water repellent comp o.sitinns, 
antislipping composition s, and nolvmer compositions [essentially free of 
organosilicone]; 

b. affixing said composition to said subsfrate; 

c. exposing the coated substrate to ultraviolet radiation capable of exciting 
the fluorescent dye; and 

d. detecting the presence or absence of fluorescence across the coated surface 

to determine the extent of surface coverage by the coating composition. 
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Excited State Properties of 2-Naphthol 
Physical Chefnistry Laboratory [ 

Marie A. Gom0z ! 

The distribution of electrons around a molecule determines many of Its properties In 
this expenment, we will study how the proton dissociation properties of 2-naohthol 

fn^ri^tn''?^" ''^^Vl"^? *° "^^^^^ ^® distribution of electrons in the molecule. When 
2-naphthol is iii solution, it cai? lose a proton to a nearby water molecule The 
equilibrium constant for this dissodatlon depends on whether 2-naphthol is In the 
ground or the first excited state. Consider the following diagram- 



S1 



S1 



AU|siO"=Nhvjsfo~ 



AUNOH=NhvNOH 



So 







So 




OH 



H20 



DiO. 



2*NaDh^!?te ^ ® .?K ^"^"^ equilibrium reaction that we are considering. 

2^aphthol is ih equllibnum with its base form In water. The same is true in the excited 
state. However the relative energy between the base and the add Ibrm Is S^rent In 
the ground an^ first excited statis. As a result, the equilibrium constentis dKurl 
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the ground and first excited state. The first week of this experiment you will find the 
equllll)rlunfi ooijistant for this reaction in the ground and first excited state. During the 
second week, |/ou will find the protonatlon and deprotonatlon rates for the first excited 
state. In addition, you will explore the HOMO and LUMO of 2-naphthol to understand 
what causes the different behavior In the ground and first excited states. 

Ground and ^dted Stats Equilibrium constants 

Ground State Equilibrium Constant: To obtain the ground state equilibrium constant for 
this add dissotiatlon. it is useful to rearrange the definition of the equilibrium constant, 

[NdH~ 

In particular, t^ke its log and rearrange the terms to obtain, 

pZ/ap/T^+logji^l where j7Jf„ =-logA:. and p/f=-log[//3C7*]. 

Using absorptijon spectroscopy, you will determine the concentrations of 2-naphthol and 
its conjugate base. The pH will be detemfiined finom a pH meter reading. Plotting pH 
versus log^^^ should yield a straight line with an intercept of the pKa. 

fixcffecf StatB Izquilibrium Constant: To obtain the relationship between the ground and 
first excited state equilibrium constant, consider the energy level diagram. Notice that 

^UNO/f + ACT j= AUnq- +AU. 

l^Umu in units of per mole Is the energy of the photon needed to promote one 
molecule of 2-haphthol from the ground to the excited state times Avogadro's number. 
MJno- is the energy of the photon needed to promote one molecule of the conjugate 
b^ from the bround to the excited state times Avogadro's number. The molar energy 
difference between protonated and unprotonated 2-naphthol in solution is Alitor the 
system undergoing the deprotonafion. AI/ « A// since LiPV) is about zero for our liquid 
system. As a {result, 

Rearranging sind making the approximation that the entropy difference between the 
protonated an^ unprotonated forms of 2-naphthol is the same In the ground and the 
excited state, we obtain 
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Converting froln natural log to base 10 logs and dividing by 2.303,^ 

in^nfts^S'SJi/^ «isinunltsofwavenumbers(/cm). Be sura to put In the speed of light 

Once we havd the equilibrium constant for the ground state, we can use It to find the 

n2oH '^^^ pieces of information that we 

need are flie ^quency of light that takes the ground 2.naphthol molecule to Its excited 
state and the frequency of light that takes the ground conjugate base molecule to its 
excned state. 

JH^f •! ''t^^^^'T ? ^ frequency of light needed to exdte a molecule 
from it s grountt state to the first excited state. 

(I) Use the freduency at the absorption maximum. 

(il) Use the fre<|uency at the fluorescence maximum of each species 

SlliiSfJt^! °i^"e^9y ^ *e molecule. This Is the frequency at which emission and 
excitation spedlra cross. 

Durtng the first week of this lab you will obtain the data needed for all of these methods 
In your report, you should describe the dHTerences. "-c'^meinoos. 

Excited State IProtonation and Deprotonation Constants 



W8|K)w you oetiwt torn fwtunrito^ Consi<JeryBln(x). TWs means that x«wp(y) Tatolhe 

'jg¥i»2.303lo8(x). 



J' = ln(jc) 
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Now, we will ojatain the rate of diprotonation and protonatfon in the excited state i a th^ 
pKa=-log Ka c^n be reananged to yield the following relation: 

From this rearrangement. It's clear that if the pH is lower than the pKa the 2-naDhthol 
predominates.! ^^^^^ the S^ugate b^^^^^^ 

dominates. Frt>m the first part of this experiment, you will find out that 2-naDhthol Is a 

^^^"""^^ sjte '-e- it's dissociation constant is larger in the excited 
!^ ; , fn^ JP**?® P*" S^^"^ 3"^^ ^^c'ted state acid equilibrium constants 
Zl^lY. f If - As a result, the pKa is much lower In the exdteJS 

Itete n^l Kn' J?f ^'fu*'' ^ ^" experiment In which the pH is lower than the ground 

"2" ^^f^.^lP^'- 'n such an experiment, 2-naphlhol 
would predomjiatem the ground state. Then, it would be excited with light. In the 
excited state, ^-naphthol would quickly dissociate into its excited conjugate base The 

f^^^^^fe"^ u *° 9'^"''^ 't «'so ptJsiible to design an 

expenment wi ji the pH is lower than both of the pkas. In such a case, 2-naphthol would 
predominate iri the ground and the excited state. ••apmnoi wouia 

Iwr^ ^illSlh J''?i3"^ "^Vl ^« ^" ^ange the pathway by 

?^nf^ht^?? W!f^r^?^^''^ ground state. Consider the diagram below. Once 
2-naphthol is e^dted. it can deprotonate or decay back to the ground state via either 
fluorescence of nonradiative decay. The plan Is to first consider a solution with pH 
?nfl/2r?' ® ground and excited state pKa i.e. a solution in which excited 

^ rShSr v?.^e1 ?K * ? 9'^""*^ fluorescing or nonradiative decay. 
i^l5.r"*H*^^^^®P'^»o"atio"">"tefe This experiment would let us 

the sur^i of the rate constants for fluorescence and nonradiative decay. Once we 
®"Sr f "^^^^ experiment with a pH higher than pKa* but 

^ T^^'lS' Jl *S_e^Periment the deprotonation channel for excited 2-naphthol Is 
open. y\nth th^ data from such an experiment and the sum of the fluorescence and 
nonradiative d^cay rate constants, we'll be able to extract the deprotonation rate 
Si^Ste^tl^'S!? K ^^"""9 the deprotonation 
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Si 



Fluorescence 

Noniadiative 
Decay (heat) 



So 



Si 



Fluorescence 



Nonradiative 
Decay (heat) 



So 




H2O 



H3O* 



Here is a morel concrete explanation of the strategy: 

1. ^J^f^^ sum oftheffuorBscence and nonmdiativ9 decay 

2Hiaphl/iol in a solution with pH much lower thanpK^d p^-^j^^^ 
intererty of the light emitted by 2^aphthol. We don't have a fliSriSSer^Sl^? 
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lilSn proportional to the concentration, we can replace 

You can plot lrl(l/lo) versus time and obtain the sum of the fluorescence and 
noniBdiatlved^y rate constants from the slope. 

2. Extracting the deproloneillon constant 

^^^m^SS^i^ ^^^"^ ^ifLPf ttian the pKa but higher than pKa*. We 
wM obtain thisJpH by using an acetate buffer. Because acetate Is being used, vve 
actually add y^it another channel for depletion of excited 2-naphthoI. Now there is a 
possible acetak assisted deprotonation. We will still be able to extract the 
depfotonation bonstent by varying the acetate concentration. 

^"^^ considering the concept of quantum yield. The 

^ _ rate}>ffluorescettce kflNOf/*] kr 

raieofallilkcqytogroumistate' fy[mH*] + k„[NOJ^^ ' 

2t2S!i;;i;.^!i? ? ® ^ ^ denominator - a 

deprolDnation bte and an acetate assisted deprotonation rate. 



^L^ld^^ deprotonation depends not only on the concentiatton of 

exciisd 2-naph^ol but also the concentration of the acetate Ion. 
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!^2^I[JVT"^^®^"**^®^"°'"®^'^^®'"*®"®'^®sattt^ Clearty from 

a plo of 0 1 v€,rsus acetate concentration, we can obtain the deprotoS on StenT 
from the fnterdept and the sum of the fluorescence and nonradiative dec^ wns^^^^ 
RnaNy, we will obtain the protonatlon constant from Its relatiwiship wSh ft^Si 
equlhbnum constant and the deprotonation rate constant. n me acw 



The literature ^lue for Is 6.0 x lo^ Is. The literature value for . is 2 3 x lo> 
Umoie/s. >»c • *v 

Procedure: 
A.pKas 

(I) Pmparing ^lutions: Make a pure acid, a pure base, and some Intermediate 
solutions as suggested in the table below. Prepare these In 50.0 mL volumetrics Be 



Solution ' 


1.00X10-3 M 
2-naphthol 


LOOM 
NH3 


LOOM 
NH4CI 


0.10 M 
H2S04 


0.10 M 
NaOH 


pure add 


10,0 mL 


OmL 


OmL 


10.0 mL 


OmL 


pure base 


10.0 mL 


OmL 


OmL 


OmL 


10.0 mL 


1 1 


10.0 mL 


5.0 mL 


6.0 mL 


OmL 


OmL 


2 


10.0 mL 


10.0 mL 


5.0 mL 


OmL 


OmL 


3 

' — ■ — ^ 


10.0 mL 


5.0 mL 


10.0 ml 


OmL 


OmL 



(H) Ground St4e pKa: Absorption Spectra 

1. You will obt£|in the ground state equilibrium constant for this acid dissoclafion by 

iSJ^^^^ spectroscopy. Be sure to maite a background correction using distilled 

7k"' ^f^^*"" "^^'^ o"'y form of 2-naphthol 

is pr^nt and he very basic solution where only the conjugate base is present, take 

fi^o nSL frJlP^J?*'^^'**^?^^^^ (Suggested range: 260400 nm. Yoi should 

^^ ol^J^^T ^"^^^ f ^^"^ ^ P^k at about 326nm for 
the add.) Print both spectre and note the absorption maximum. 
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2. From the SDectfB taken In 1 . you'll note that there Is a region where the base k 
only form to absorb. Pick a wavelength in this region. You w H u^the absort>?nr! nf 
the pure conjugate base solutfons at this wavelength to findTe p^^^^^^ 

betw^n absolptlon and concentration for the ba^form. Lo^Sp^X^^P 
pre-lab to see how the absorption is related to the conSiiSw ^ 

3. Take the absorption spectra of the three buffered solutions. Print out a olot with 
specua overialed. What trends do you see? If you have madeViur^^^^^^ 

Si^enoSfX^^ 'yso note me absorption ofallyoursolutlonsatSS^^^ 
wavelength cMosen in step 2, From the absorption at these wavelenoths and the 
proportionality constant found in step 2. you can find the^^nSKS. b^L form 

naphthol in all fomis and the concentration of 2-naphthol In base form you can find out 
the concentration of 2-naphthol In the add form. Torm, you can find out 

4. Plot pH versus 'og^^and do a least squares fit to your data using your fevorlte 
S vSEfeeT^^^^^^^ ""^"^^ ' 

f;,i|,^*^®f maxima for the acid and base forms of 2-naphthol to estimate the 

exated state e^uilibnum constant How does it compare with the lltei^ture Slue? 

(iiO First Exdt^ State pKa*: Fluorescence Spectra 

I' t^^hJ^' fluj^nescence emission spectra of the pure acM and pure base forms. 

ml^^n^tof''' "^l^^ *° ^'^^^^ fr«^"«n^ of its absorption^ 

maximum, 32d/im. Then, scan the emission in the range 336-500nm. Save Siis 
spectmm. No^. take an excitation spectmm. In this cL, you S^^"^^atchTe em^^^^^^ 

^S^^IS^^^^^^ ^" excltati;n^canVom iiS^IIS^ 

I ni8 gives you^j, j^runie or me aosorpiion on the same instalment as the emission This 

bXSS 33SiSrSSnm of the crossing point It ^ouid be 

oerween 330 aind 340 nm. This is the 0-0 frequency for the acid 

^^M^ '^^ fo'^- However, the base should be 

Imkll ^'''"S 5Pe^^» you should watch me 

2. Now take thf emission spectra of your intemiedlate pH solutions and overlay them. 
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absorption maxima and fluorescence maxima? ootained using the 



B. Protonatk^ and Deprotonation Rate Constants for the First Excited State 

1 . Make the following solutions in 25.0 mL volumetrlcs. 



Solutions 


1.00X10-3 M 
2-Naphthol 


0.50 M 
H2SO4 


0.200 M 
NH4AC 


0.50 M 
NaOH 


1 


2.00 mL 


5.0 mL 


0.0 mL 


0.0 mL 


2 


2.00 mL 


0.0 mL 


2.0 mL 


0.0 mL 


3 


2.00 mL 


0.0 mL 


4.00 mL 


0.0 mL 


4 


2.00 mL 


0.0 mL 


6,00 mL 


0.0 mL 


5 


2.00 mL 


0.0 mL 


10.00 mL 


0.0 mL 


6 


2.00 mL 


0.0 mL 


16.00 mL 


0.0 mL 


7 


2.00 mL 


0.0 mL 


0.0 mL 


5.00 mL 



2 Obtain the^mission spectra of all your solutions exciting at 320nm Recond the 
emission spectra in the range 336^0nm. Overlay the spectra and rec»rtTe emission 

S,?«rJH c'^?*^ ""^IT"'" ^■"^P''*^^' You San locate hTmaS^um ^^^^^ 

acid solution and use ttiat as the monitoring wavelength In arvoi^r sduZ?s 

he^^s^^^^^^^^^ 

'^zTt'^rt^^^^ thed^^rso^^rrr^ts" 
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Time (ns) 


Intensity (photons 
dmittecl/time) 


0.0 


91 

£ 1 f DO 


1.0 1 




2.0 


IQOqU 


3.0 ' 


1^171 


4.0 

~" ■ 4~ . 




5.0 


10757 


6.0 

-A 


9288 


7.0 

■ \ 


8138 


8.0 


7083 


9.0 


6014 




10.0 


5350 "~| 



4. Plot^^as a Ifunctlon of the acetate concentration. From this plot, obtain and Jt;^ 

FlndAr;. Remlier/o Is the intensity ofthe pure add solution. Your plot shouldlnclude 
solutions 2-6. 1 

C. Eloctron dinsHy near oxygen 

R^«?t!!.Tirj? ^9^^ LUMO for 2.naphthol with the PM3 method. 

S^fr^Sl suS introduction to using Gaussian. This «meSad 

toi^^HH ttSSo OPt*Praq. choose an empty basis set and 

k^rfjSJ^lT* ""^^ PM3 is a semi-empiVi^l method whk^ 

r!,n^S^« *I?'r' ^l""^^ ^ ""'^ «b initio methods. PM3 on^T 

^3 L UMO^'-^ ^ w^^^"^' "'^^ ^ "^^^P ^^^^ ""'"^ selecting me HOMO 
and LUIVIO. Ttien. do the same analysis you did in the tutorial with formaldehyde 

Promoting an ^.lectron from the HOMO to the LUMO changes the electron densltv The 

5, e ?UMo''±" f !r *^"9e you fee beLt^e HoSo alS 
trt^i^' r^T"^ "^^^ ^^^^ to discuss this in relation to your values 
for the equilibnfjm constants for the ground and excited states. 
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Group Strato^yy: Each group should do 1-4 the first week and 5^ the second week. 



Events 


Group 1 


Group 2 


Group 3 


A([) Preparing Solutions 


1 


1 


1 


A(ll) Ground ^tate pka: 
Absorption siiectre and 
analysis. 


2 


4 


3 


A (III), 

First Excited «^tate pka*: 
RuorescenselSDectra 


3 


Z 


4 


BLPrepannia solutions 


6 


5 


5 


B ^ - ; ~ — t— ' 

B 2 Emission iSpectra 


7 


^7 


6 


B 3 Getting tHo sum of 
the fluorescer^ce and 
nonradiate dejcay 
constants : 


4 


3 


2 


B 4 Analysis (if Emission 
Spectra 


8 


8 


7 


C Electron Dcfnsity 


6 


e 


8 
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EXHIBIT D 



i 

INTERNATIONAL MEETING 



• XlXth International Cbnterence on Photochemisty (ORAL PRESENTATION) 

"SINGLE AND MULTI-PHOTON REACTIONS OF HOT MOLECULES" 
Tomoyuki YATSUHASHI, Nobuaki NAKASHMA 
(Duke Univ. NC USA, Aug01-06) 

Hot molecule, which is in a highly vibratlonally excited state, plays an important role in VUV-UV photochemistn. 
Hot molecules have a Very high equivalent vibrational temperature of around 2000-4000K. and a narrow initial 
energy drstributlon whidh are suitable for examining the dynamics of high temperature chemistry We have 
investigated several phbtochemical reacttons of hot molecules (n the gas phase with VUV lasers.' Some examples 
of hot molecule reacBorts will be presented witti respect to single and multl-photon reactions. 1 ) Benryne has 
been known as a very ifnportant intemiedlate in organic synthesis processes. VUV laser Irradiation of phthallc 
anhydnde resulted in formation of benzyne via hot phthalic anhydilde. 2^marln derivatives a.^ known as 

^ usey ser dyes, howdyer, unsup^t||^ted c oumari^^ ^.^^ decarbonylatlon 

reaction of coumarin was observed with a VU^HiiiHT^rBptet state of coumarin did not participate in the 
decomposition reaction,; The hot coumarin acted as an Intennediate in the multiphoton reaction. The subsequent 
second photon absorptton by hot coumarin would be necessary to overcome the activation energy of the 
decomposition reaction; New photochemical reactions are expected for the hot molecule as an intemiediate In 
multiphoton reacttons. 

A summary of recent hit molecule chemistry In our laboratory. 



DOMESTIC MEETINGS 



•Bunslkouzou Sougou Touronkal (Poster) 

"Multiphoton dissoclatfoh of 2.2,2-paracyclophane by hot molecule mechanism" 
Tomoyuki Yatsuhashi. Ken Ohtakeyama, Yuriko Hosoi. Seijl Shimlzu, Nobuaki Nakashlma 
(Osaka Univ. Sep27-30j 

forltn ^'^'"""JL^'''^"' 2,2.2-paracyciophane (3PCP) was obsen/ed by an ArF laser excitation. The 
TZZt^Z'^T""" ^^"'^^^'r^^^^^^ - 0^ 2.2-paracyclophane (2PCP). The difference 

lb!! H I ^"^"^^ precursor radical may be 

a fori'" """" ''''''' '° ^'^"^''^ "^^^^^ t^^" The RRKM oalZtton 

nd foreign gas pressure effed revealed 

process. The hot molecMie mechanism was found valW even in the case of 3PCP which is the laigest molecute 
ever examined. 
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